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product  contamination and the timing and duration of  temperature
abuse,  were not predictable   (National Academy of  Sciences,  1981,
Chapter 10).     Thus,   it  is not possible  to  derive a quantitative
relationship between the  protection provided by nitrite and  the risk
of botulism or  to determine  the degree  of  protection that is  neces-
sary to ensure  the safety of a particular product.    However,   a sub-
stantial amount of  information exists  in the case of  some products,
e.g.,  bacon,   and  for  these  it  is  often possible to qualitatively
predict  the  effect of  changes  in product  formulation on the  degree of
protection against toxigenesis  from C_*  botulinum spores.

In addition,   because products differ in the degree and frequency
of microbial contamination,   in the  opportunities for microbial con-
tamination or multiplication during production and handling,   and in
the extent  to which control is  exerted over pathogens by the  intrinsic
characteristics of the product  other than nitrite  (e.g.,   pH,   brine
concentration),  the Committee believes  that it is possible to rank
product  types  according  to the  degree  to which the addition of nitrite
(or an alternative)  is needed  to reduce  the risk of  botulism.

Degree and  Frequency of  Product   Contamination

Meat may be contaminated  during  slaughter,  processing,  and/or
handling procedures.     Equipment,   personnel,  additives,  and other
environmental contacts  serve  as  possible  reservoirs of contamina-
tion.     In addition,  microorganisms  from the intestinal tract,   the
lymphatic  system,  and the outer  surfaces of the animals may also
contaminate meat  products   (Johnston and Elliot,  1976).    After proces-
sing,  distribution to retail  outlets,   and  sale to the consumer,
microbial  contamination may  occur during  storage,   food preparation,
and handling immediately before  consumption.    The  sources of  contami-
nation frequently determine the  range of microbial contaminants
present and,   thus,   the potential for pathogenic hazard or product
spoilage.     Initial contamination and the  severity of  thermal
processing  combine  to determine the  spore  contamination of the
finished product.

The contamination of different  products with C^.  botulinum spores
has not  been investigated extensively.     Available data indicate  that
the average occurrence of  C^.   botulinum spores is about 1-2 spores per
10 kg of meat   (Holley,  1978).     Data collected in the United Kingdom
by Roberts and Smart   (1976)  in  serial  samples from one producer indi-
cate that   "pockets" of contamination considerably higher than their
average of  1-2  spores per kilogram of meat  occurred occasionally.
Their average  is  higher than the estimate  of  0.064 spore/kg made by
Hauschild and Hilsheimer  (1980)   for bacon samples sold at retail in
Canada.

Abrahamsson and Riemann  (1971)   found  that occurrence of  spores in
products  sold at  retail  in the United  States was highest in cooked
hams  (1.6  spores/kg),  compared  with turkey  (0.8 spore/kg),  smoked
chicken  (no  spores in 1.5 kg),   and  other  semipreserved meats   (no
spores  in 5 kg).     Surveys of  fish indicate a higher degree of